1. Introduction {#sec1}
===============

Primary liver cancer is a major health problem worldwide. It is the fifth most common neoplasm in the world and the third most common cause of cancer-related death \[[@B1]\]. Over the past 15 years, the incidence of hepatocellular carcinoma (HCC) has more than doubled. Every year there are 500,000 new cases in the Asia-Pacific region, often due to chronic hepatitis B virus (HBV) infection \[[@B2]\]. More than 60% of a total number of HCC cases occur in China alone, and an estimated 360,000 patients residing in Far East countries, including China, Japan, Korea, and Taiwan, die from this disease each year. In Japan hepatitis C virus- (HCV-) related HCC represents 70% of all cases \[[@B3]\]. In addition, in the USA and Europe, an increased incidence of HCV has led to an increased incidence of HCC \[[@B4]\]. A relevant risk factor for the high incidence of nonalcoholic fatty liver disease is obesity and diabetes, which can promote the development of liver cancer \[[@B5]--[@B7]\]. This involves a poor diagnosis and a low level of survival (5-year survival rate: less than 5%) in patients with advanced HCC at diagnosis. Therefore, prevention and treatment of HCC are of great concern \[[@B8]\].

For a correct and effective HCC-surveillance in patients with cirrhosis, it is necessary to perform a liver ultrasound twice a year. Recently, the role of AFP serum levels has been discussed to be less useful than previously assumed \[[@B9]--[@B11]\]. Moreover, in addition to AFP, there are others that have been proposed as markers for early diagnosis of hepatocellular carcinoma. None of them is optimal; however, when used together, their sensitivity in detecting HCC is increased. Recent developments in gene-expressing microarrays and proteomics promise even more potential diagnostic options \[[@B12]--[@B20]\]. Immune-based therapy can represent an improvement in outcomes for patients with HCC, as many clinical trials demonstrate. Immunotherapy has been tested in HCC for many years. Most studies in the past have used either cytokine-based or antigen-based approaches \[[@B21], [@B22]\]. While most of these studies have proven to be safe and able to induce tumor-specific immune responses, most of them have failed to demonstrate clinical efficacy. We would like to summarize recent results from different immune-based approaches in HCC. These studies differ from previous immunotherapy studies in a number of respects: the targets; the quality of the immune response being activated; the approach taken to activate patients\' immune system; and finally the more promising results seen.

2. Molecular Immunological Targets {#sec2}
==================================

The rationale for immunotherapy for HCC is based on the finding that patients with tumours, containing infiltrating, presumably tumour-specific effector T cells, had a reduced risk of tumour recurrence following liver transplantation \[[@B23]\]. Moreover, anti-CD3 and IL-2 stimulated autologous T lymphocytes infused in HCC patients significantly improved postsurgical recurrence-free survival \[[@B24]\]. These data imply a central role of  T cells in modulating tumour progression and provide strong justification for T-cell immunotherapy.

At last, spontaneous antitumor responses have been detected in HCC patients. Activation of immune response and T-cell infiltration has been reported after percutaneous ethanol injection and radiofrequency ablation (RFA) \[[@B25], [@B26]\].

A prerequisite for the successful development of T-cell-based immunotherapeutic approaches is the identification and characterization of immune responses to tumour-associated antigens (TAAs). Seven HCC-specific TAAs that are targeted by T cells have been identified: alpha-fetoprotein (AFP), glypican-3 (GPC3), NY-ESO-1, SSX-2, melanoma antigen gene-A (MAGE-A), telomerase reverse transcriptase (TERT) \[[@B27]--[@B31]\], hepatocellular carcinoma-associated antigen-519/targeting protein for Xklp-2 (HCA519/TPX2) \[[@B32]\].

2.1. Alpha-Fetoprotein {#sec2.1}
----------------------

AFP is expressed during foetal development but is transcriptionally repressed shortly after birth. However, it is reexpressed in the HCC patients. Since it is a self-protein, AFP-specific T-cell responses are suppressed and thus difficult to activate. Nevertheless, AFP is currently the best studied and most promising target antigen for HCC immunotherapy. The Butterfield LH and colleagues identified an HLA-A2-restricted AFP-specific CD8 T-cell epitope and demonstrated its ability to generate CD8+ T-cell responses both in human lymphocyte cultures and in HLA-A2 transgenic mice. The authors further identified four dominant and 10 subdominant AFP-specific epitopes, all of which induced low to moderate CD8+ T-cell responses in PBMCs of HCC patients \[[@B33]\]. Thimme et al. (2008) have compared AFP-specific CD8+ T-cell responses in PBMCs with those in tumour-infiltrating lymphocytes (TILs) and surrounding nontumour liver tissue by stimulating lymphocytes with 18 mer overlapping peptides spanning the entire AFP protein. The authors found T-cell responses against several previously unidentified epitopes without a clear immunodominance, indicating that more AFP-specific epitopes exist and need to be identified \[[@B27]\]. These results also indicate that CD8+ T cells specific for the self-antigen AFP are present in the normal T-cell repertoire and are not centrally or peripherally deleted.

2.2. Glypican-3 {#sec2.2}
---------------

GPC3 is a foetal oncoprotein. It belongs to a family of heparan sulphate proteoglycans that can bind growth factors (Wnt, FGF1/2, and VEGF) and thereby promote tumour growth. GPC3 was found to be overexpressed in HCC and is considered a promising target antigen. Two HLA-A2- and HLA-24-restricted CD8 T-cell epitopes of GPC3 have been mapped in mice and shown to elicit T-cell responses in HCC patients after long-term in vitro stimulation of PBMCs \[[@B35]\].

2.3. NY-ESO-1 {#sec2.3}
-------------

Expression of NY-ESO-1 is limited to testis in healthy subjects; however, it is often expressed de novo in HCC and other cancers such as melanoma, ovarian, and breast cancer. NY-ESO-1 expression is associated with worse HCC outcome following surgery, and the mechanism for this finding may be that NY-ESO-1 increases tumor cell migration \[[@B36]\]. NY-ESO-1 is one of the most immunogenic TAAs known to date, with several identified epitopes currently being tested as potential vaccine candidates for cancers other than HCC. By using different approaches, three groups reported NYESO-1-specific CD8+ T-cell responses in the peripheral blood of HCC patients to an epitope that had already been identified in melanoma patients \[[@B29], [@B37]\]. None of the observed T-cell responses were, however, detectable ex vivo and required several weeks of in vitro lymphocyte expansion, suggesting a relatively low frequency of these cells in the circulation.

2.4. SSX-2 {#sec2.4}
----------

SSX-2 is a cancer-testis antigen that has been demonstrated to be overexpressed in HCC patients. By using a CD8 T-cell epitope that had been previously identified in melanoma patients, two groups detected CD8+ T-cell responses in a small fraction of HCC patients after in vitro expansion of PBMCs and TILs \[[@B39], [@B40]\].

2.5. Melanoma Antigen Gene-A {#sec2.5}
----------------------------

Antigens of the MAGE-A family were originally characterized in melanoma, but they are also widely expressed in other tumours such as breast carcinoma, glioma, colorectal carcinoma, and HCC. Zerbini et al. \[[@B41]\] demonstrated in vitro induction of CD8+ T-cell responses against previously identified MAGE-A1 and MAGE-A3 epitopes in tumour infiltrating but not peripheral blood lymphocytes derived from HCC patients. CD8+ T-cell responses against MAGE-A10 epitope have also been described by Bricard et al. \[[@B39]\]. Therefore, MAGE-A3-specific TCRs are identified as disease markers and made ready for immune therapy.

2.6. Telomerase Reverse Transcriptase {#sec2.6}
-------------------------------------

TERT is a catalytic enzyme required for telomere elongation; its expression correlates with telomerase activity. Tumours must retain the length of their telomeres and telomerase helps them to do so by maintaining telomeric ends of linear chromosomes and protecting them from degradation. It is, therefore, not surprising that telomerase has been reported to be activated in up to 85% of all human cancers, including HCC, whereas TERT has been proposed as a universal TAA for cancer immunotherapy \[[@B43]\]. Mizukoshi and colleagues reported ex vivo measurable weak CD8+ T-cell responses to six TRET epitopes in the peripheral blood of HCC patients \[[@B31]\].

2.7. Hepatocellular Carcinoma-Associated Antigen-519/Targeting Protein for Xklp-2 {#sec2.7}
---------------------------------------------------------------------------------

One HCC-associated antigen previously defined by a humoral response is HCA519.14. HCA519, also known as targeting protein for Xklp-2 (TPX2), is a microtubule associated protein needed for HCC cell division. HCA519/TPX2 associates with microtubules via kinetochores and facilitates aurora kinase A binding to the microtubules \[[@B45]\]. Enhanced TPX2 production has also been associated with pancreatic and lung cancers \[[@B46], [@B47]\]. Studies by Tanaka et al. \[[@B48]\] and Yang et al. \[[@B49]\] show upregulation of TPX2 within HCC by microarray analysis. Satow et al. demonstrated higher expression of HCA519/TPX2 in HCC tumor tissue compared to adjacent nontumor tissue \[[@B50]\]. Small interfering- (siRNA-) mediated knockdown of this gene inhibited the proliferation of HCC cells and prevented the growth of HCC xenografts injected into immunodeficient mice. So this antigen might be at a key spot in the HCC replication cycle, where immunotherapy could have an immediate effect. Even if only the highly expressing HCA519/TPX2 + HCC cells are killed by activated CTLs, then the HCC tumor cell population as a whole might be sufficiently reduced, thereby hindering the in vivo tumor growth and in turn providing the patient with a longer survival. Thus, HCA519/TPX2 may be developed into future immunotherapy for HCC, which targets a key protein that these cancer cells need for their proliferation. This new antigen for HCC might be beneficial for T-cell immunotherapy HCC \[[@B43]\].

3. Alteration of Different Pattern of Immune System {#sec3}
===================================================

In patients with HCC, there is an alteration of different pattern of immune system.

Several mechanisms could contribute to the weak and often inefficient TAA-specific CD8+ T-cell responses in HCC patients.*The regulatory T cells* (Tregs). Regulatory T lymphocytes are able to inhibit the T-helper response and a cytokine profile secretion which is distinct from those of Th1 and Th2 cells. Even if many Tregs subpopulations have been described, CD4+CD25+ and Type 1 regulatory T cells (Tr1) are the best characterized. CD4+CD25+ are induced in the thymus and interleukin 2 appears to be fundamental for their survival, expansion, and suppressive function \[[@B51]\]. Once activated, they can suppress CD4+ and CD8+ effector T-cell proliferation and cytokine secretion and inhibit B lymphocytes proliferation \[[@B52]--[@B54]\]. Moreover, their depletion is correlated to a more efficient antitumoral immune response \[[@B55], [@B56]\]. Type 1 regulatory T cells, instead, produce a large amount of interleukin 10 and transforming grow factor beta (TGF-b) that inhibit type 1 and type 2 helper response. Unlike CD4+CD25+ Tregs, their proliferative factor is interleukin 15, not interleukin 2. Type 1 regulatory T cells could suppress the effector function of CD8+ T cells \[[@B57]\]. As a consequence of the immunosuppression phenomena related to these particular Treg subpopulations, these cells can be responsible in part for the development of virus-induced HCC \[[@B58]--[@B61]\].*Myeloid-Derived Suppressor Cells* (MDSCs). Myeloid-derived suppressor cells comprise a mixture of*monocytes/macrophages, granulocytes,* and*dendritic cells (DCs)* at different stages of differentiation. In patients with HCC, blood MDSCs have recently been shown to induce Foxp3 and IL-10 expression in CD4+ T cells via arginase activity \[[@B62], [@B63]\].

MDSCs are immature/progenitor myeloid cells with immunosuppressive and proangiogenic activity via a variety of direct and indirect mechanism that targets DCs, T cells, and macrophages. They maintain an immature phenotype when exposed to proinflammatory signals and contribute to a tumor-promoting type 2 phenotype by their production of interleukin 10 and their blocking of macrophage production of interleukin 12 \[[@B64]\]. MDSC accumulation is found not only within the tumors but also in blood circulation, spleen, bone marrow, and liver \[[@B65]\]. The MDSCs inhibit the function of effector T cells and decrease NK cells cytotoxicity, cytokine production, and maturation of DC \[[@B66]\]. Hoechst et al. suggested that MDSCs can inhibit and regulate NK cells as effectors of the innate immune system contributing further to immune suppressor mechanisms in patients with HCC \[[@B67]\]. The frequency of MDSCs has been shown to correlate with recurrence-free survival of HCC patients who have undergone RFA \[[@B68]--[@B70]\]. It has also been suggested that MDSCs interact with Kuppfer cells to induce PD-L1 expression, which in turn inhibits antigen presentation. They facilitate tumor progression by their cross-talk with immune cells, resulting in a decrease in production of interleukin 12 and T-cell stimulatory activity. The MDSC-induced downregulation of macrophage production of interleukin 12 is dependent on MDSC synthesis of interleukin 10 \[[@B64]\]. MDSCs may also help expand Treg population. Depletion of Tregs or MDSCs could prompt spontaneous immune responses against AFP, suggesting the potential of immune reactivation \[[@B71]\]. Recently, Han et al. \[[@B72]\] have identified new subset of immune suppressive cells in HCC patients called regulatory DCs. These regulatory DCs can suppress T-cell activation through interleukin (IL-) 10 and indoleamine 2,3-dioxygenase (IDO) production \[[@B72], [@B73]\]. There is currently no specific drug or antibody available that selectively targets MDSCs. Since inhibition of arginase activity can cause side effects, due to the critical role of this enzyme in the urea cycle, it will be important to identify additional specific markers to target these cells \[[@B74]\].*Impairment of TAA processing and presentation*. Several studies have shown that expression of HLA class I molecules and B7 costimulatory molecules is downregulated in HCC tissue and HCC cell lines. Such downregulation is likely to lead to impaired processing of TAAs. Moreover, it has been shown that circulating myeloid DCs in HCC patients were decreased in numbers and had reduced cytokine production, raising the possibility that TAA presentation by DCs may also be impaired \[[@B75]--[@B77]\].*Inhibitory receptors*. Many human cancers express PD-L1, the ligand for the inhibitory receptor programmed cell death-1 (PD-1). Tumour-associated PD-L1 has been shown to induce apoptosis of effector T cells and is thought to contribute to immune evasion by cancers. In HCC, tumour infiltrating CD8+ T cells are characterized by an increase in PD-1 expression. Intratumour Kupffer cells have been shown to upregulate PD-L1 and decrease the effector function of PD-1-expressing CD8+ T cells in HCC patients. It should be noted that cells with a MDSC phenotype also upregulated PD-L1 in these studies and exerted a similar inhibitory effect on T-cell activation, raising the possibility of MDSC-mediated T-cell suppression. These data suggest that the inhibition of PD-1 may be a potential strategy in the boosting of HCC-specific immunity \[[@B78]--[@B81]\].*Lack of CD4+ T-cell responses*. It is known that a lack of CD4+ T-cell help may lead to CD8+ T-cell exhaustion. In fact, in HCC, AFP-specific CD4+ T-cell responses were only present in patients with early stage disease and became exhausted as the disease progressed. Thus, for the activation of fully functional cytotoxic T lymphocytes, it will be important to identify TAA-derived CD4 T helper cell epitopes and include them in a vaccine along with CD8 T-cell epitopes.In conclusion, multiple mechanisms may limit the TAA-specific CD8+ T-cell responses in HCC: failure of TAA processing and presentation; insufficient levels of CD4 help; suppression of both CD4+ and CD8+ T cells by Tregs; negative regulation by PD-1/PD-L1 pathway ([Figure 1](#fig1){ref-type="fig"}).

4. Immunosuppression Induced by Chronic HBV and HCV Infection {#sec4}
=============================================================

In HCC, there is chronic hepatitis B virus and hepatitis C virus-mediated immunosuppression. Chronic HBV or HCV infections is well known to induce a chronic proinflammatory hepatic and systemic state associated with immunosuppressive and immunomodulatory effects \[[@B61], [@B82]--[@B89]\].

Dysfunctional T-cell responses to both virus-specific and unrelated antigens, characterized by impaired proliferation and IL-2 production, are observed in chronic hepatitis B virus-infected patients. Chronic infection with hepatitis C virus negatively regulates both the innate and adaptive arms of the immune system. There are many mechanisms of HCC immune escape; the peripheral blood of HCC patients shows impaired IL-12 production and reduced allostimulatory activity \[[@B90]\]. In HCC numerous regulatory mechanisms involving nearly all cellular subsets of the immune system contribute to tumor development and progression. These suppressor mechanisms range from CD4+ regulatory T cells, functionally impaired dendritic cells, neutrophils, and monocytes to myeloid derived suppressor cells. An impairment of natural killer cell production and activity has also been described in HCC patients \[[@B91]--[@B93]\]. In vitro as well as in vivo studies have demonstrated that abrogation of the suppressor cells enhances or unmasks tumor specific antitumor immune responses \[[@B94]\].

5. Current and Future Immunotherapy of HCC {#sec5}
==========================================

Cellular immunotherapy would improve the immune state and has potential in enhancing the therapeutic outcome for HCC patients. Current attempts at harnessing the immune system to eliminate tumors have been focusing on vaccination, such as a dendritic cell (DC) vaccine, to increase the frequency of tumor specific cytotoxic T lymphocytes and adoptive transfer of effector T cells to promote tumor regression \[[@B95]\]. However, despite considerable success in preclinical studies, the outcome of immunotherapy is often disappointing when translated to clinical trials, which is at least in part due to the complexity of the immune escape mechanism of tumor cells.

Immune-based therapy could improve outcome for patients with HCC and some studies have been developed to obtain evidence to support this hypothesis, but not in controlled trials.In a historical study, 150 patients were randomized to receive either IL-2 and anti-CD3-activated PBMC, or observation after curative resection \[[@B24]\]. The results were encouraging, both with respect to time to relapse and disease-free survival (*P* = 0.09). A trial testing the administration of APC in HCC patients who received pulsed DC with autologous tumor lysate \[[@B97]\] showed an increase of 1-year survival (63 versus 10%; *P* = 0.038). DCs could be used as a potential cellular adjuvant for the production of specific tumor vaccines.Recently, El Ansary and colleagues\' study \[[@B93]\] evaluated the safety and efficacy of the autologous pulsed DC vaccine in advanced HCC patients in comparison with supportive treatment. Thirty patients with advanced HCC who were not suitable for radical or loco regional therapies were enrolled. Patients were divided into two groups, group I, consisting of 15 patients, received vaccination with mature autologous DCs pulsed ex vivo with a liver tumor cell line lysate. Group II (control group; *n* = 15) received supportive treatment. To generate DCs, 100 and 4 mL of venous blood were obtained from each patient. DCs were identified by CD80, CD83, CD86, and HLA-DR expressions using flow cytometry. Follow-up at 3 and 6 months after injection by clinical, radiological, and laboratory assessment was carried out. Improvements in OS were observed. Partial radiological response was obtained in two patients (13.3%), stable course was obtained in nine patients (60%), and four patients (26.7%) showed progressive disease (died at 4 months after injection). Both CD8+ T cells and serum IFN-g were elevated after DC injection. The authors conclude that autologous DC vaccination in advanced HCC patients is safe and well tolerated.Ex vivo treatment with cytotoxic T lymphocyte associated antigen-4 (CTLA-4) blocking antibodies of T-cell CD8+, isolated from patients affected by HCC, showed an expanded antigen-specific T-cell repertoire, alluding that ipilimumab and tremelimumab may possess a therapeutic potential in treating hepatocarcinoma \[[@B98]\]. The US FDA approved ipilimumab for the treatment of melanoma in 2011 based on randomized phase III trial showing improved overall survival \[[@B99], [@B100]\].Tremelimumab is a monoclonal antibody that blocks cytotoxic T lymphocyte-associated antigen 4 (CTLA-4), an inhibitory coreceptor that interferes with T-cell activation and proliferation. Tremelimumab showed early evidence of antitumor activity in a single arm phase II trial in malignant mesothelioma \[[@B101]\]. A phase II trial of tremelimumab in HCC patients has recently been reported ([NCT01008358](https://clinicaltrials.gov/ct2/show/NCT01008358)) \[[@B102]\]. The study enrolled 21 patients with chronic hepatitis C with Child-Pugh A or B cirrhosis and advanced HCC not amenable to percutaneous ablation or transarterial embolization. Partial responses were seen in 17.6% of the cases, and 45% of the patients had stable disease for more than 6 months. Interestingly, the patients with stable levels of interferon- (IFN-) *γ* during the treatment showed better treatment response compared to those who showed a decrease, suggestive of more active antitumor immunity. A phase I clinical trial of tremelimumab with radiofrequency ablation or transarterial therapy is ongoing ([NCT01853618](https://clinicaltrials.gov/ct2/show/NCT01853618)). These data suggest that the efficacy of CTLA-4 blockade may correlate with the immunogenicity of the tumor. Secondly, the immunotherapy may be more effective against smaller tumors \[[@B103]\].PD-1 blockade: a therapeutic advantage, regarding refractory solid tumors, can be obtained by an antibody-mediated block of PD-1; meanwhile the inhibition of Tim-3 signaling has been demonstrated to restore antitumor T-cell action in preclinical models \[[@B104]\]. Anti-PD-1 antibodies and 3 anti-PD-L1 antibodies are currently under development, emphasizing the growing interest in this immune checkpoint pathway as a target for cancer therapy.Lambrolizumab induced tumor regression in advanced melanoma patients and showed a favorable safety profile \[[@B105]\]. Lambrolizumab was effective even in patients who failed ipilimumab treatment, which suggests a differential mechanism of action for PD-1 inhibition versus CTLA-4 blockade. Indeed, combination of ipilimumab with nivolumab achieved objective response in 40% of the patients \[[@B106]\].CT-011 and MPDL3280A/RG7446 were tested in phase I trials and showed with favorable safety profiles \[[@B107]\].MEDI4376 targets PD-L1, and phase I trial is ongoing.AMP-224 is a recombinant B7-DC-Fc fusion protein, and a phase I trial of this agent is also underway. In HCC, a phase I/II trial of CT-011 in advanced HCC was initiated but stopped due to slow accrual.A phase I trial of nivolumab is currently ongoing for patients with advanced HCC ([NCT01658878](https://clinicaltrials.gov/ct2/show/NCT01658878)). A phase I dose escalation study to investigate the safety, immunoregulatory activity, pharmacokinetics, and preliminary antitumor activity of anti-programmed-death-1 (PD-1) antibody (BMS-936558) in advanced hepatocellular carcinoma in subjects with or without chronic viral hepatitis. This study plans to enroll three cohorts of patients stratified by viral etiology (HBV, HCV) and no viral infection, with a target enrollment of 72 patients.At present, several clinical trials, that are studying the quoted molecules, are ongoing in order to get evidences for a possible approval for the combination therapy to treat HCC. At the moment sorafenib is the only drug approved by FDA with a specific indication for HCC ([Table 1](#tab1){ref-type="table"}).

Another approach has been described to overcome cancer-mediated immunosoppression, involving the reactivation of hyporesponsive tumor-specific T cells by supplying T-cell growth factors (IL-15 and IL-7) or costimulatory agonists (anti-4-1BB and anti-OX40) \[[@B108]\]. Other treatment options regarding tumor homing and penetration of T-effector cells are being evaluated because of the correlation between T-cell infiltration of hepatocarcinoma lesions and OS. Strategies are divided into two big groups: restoring the tumor vascularity and upregulation of chemokines and molecules of adhesion. Monoclonal antibodies against VEGF and its receptors, such as sorafenib or bevacizumab, appear to have a restricted therapeutic effect in clinical trials \[[@B109], [@B110]\]. In fact a hallmark of new vessel formation in HCC is their structural and functional abnormality; this leads to an abnormal tumor microenvironment characterized by low oxygen tension and low therapeutic agent levels \[[@B111]\]. Preclinical data sustain the idea that angiogenesis and tumor vascularity still represent a potential target that, through the generation of long-lived antivascular T-cell responses via VEGFR2 vaccine, can be suppressed via a T-cell dependent process \[[@B93]\]. Proinflammatory chemokines demonstrated their importance in HCC-specific T-cell immunity, such as IFN-g-inducible chemokines CXCL9/Mig and CXCL10/IP-10, high levels of which correlated with the presence of CD8+ T cell in hepatocarcinoma. It is still unknown if this pattern of chemokine expression is correlated with a positive prognosis, as has been seen in patients with cervical/uterine tumors. Agents that can induce the expression of chemokines and adhesion molecules by vascular activation represent another promising approach \[[@B112]\].

6. Discussion and Conclusion {#sec6}
============================

HCC treatment decisions are complex and dependent upon tumor staging. In patients with unresectable disease and tumor staging that falls within criteria, liver transplantation can be curative in a great majority of patients. Unfortunately, most patients will not be candidates for either surgery or transplant \[[@B113]--[@B115]\].

Cytotoxic chemotherapy and hormonal agents have been tested in HCC with marginal efficacy to date. Recent insights into the molecular pathogenesis of HCC have identified several aberrant signaling pathways that have served as targets for novel therapeutic agents. Several pathways are now implicated in hepatocarcinogenesis and agents that target these pathways continue to be developed.

The knowledge of molecular hepatocarcinogenesis broadened the horizon for patients with advanced HCC. During the last years, several molecular targeted agents have been evaluated in clinical trials in advanced HCC. Despite of only modest objective response rates according to the Response Evaluation Criteria in Solid Tumors (RECIST) \[[@B116]\], several studies showed encouraging results in terms of prolongation of the time to progression (TTP), disease stabilization (DS), and survival.

Cellular immunotherapy would improve the immune state and has potential in enhancing the therapeutic outcome for HCC patients. Immune-based therapy could improve outcome for patients with HCC, but we will need controlled studies demonstrating the validity of this hypothesis.

A prerequisite for the successful development of T-cell-based immunotherapeutic approaches is the identification and characterization of immune responses to tumour-associated antigens (TAAs).

In patients with HCC, there is an alteration of different pattern of immune system; therefore it is necessary to study the different mechanisms that could weaken and make often inefficient TAA-specific CD8+ T-cell responses in patients affected by HCC.

Treatment strategies combining blockade of immunoregulatory cell types such as Tregs and MDSCs and of inhibitory receptors, with vaccine-induced activation of TAA-specific T cells, may be necessary to achieve the most effective therapeutic anti-tumour activity in HCC. Also, a combination with conventional HCC treatments, such as transarterial embolization or local tumour ablation may increase HCC immunogenicity and unmask TAA-specific T-cell responses \[[@B117]\].

Data from clinical trials completed permit to imagine that immunotherapy with immune blockers checkpoint antibodies may represent an effective strategy in the treatment of advanced HCC. PD-1/PD-L1 plays a pivotal role in tumor evasion and blocking interaction with anti-PD-L1 antibody would revitalize CD8+ T cells to give them a second chance to clear the tumor. Unfortunately, there are no solid data on the use of PD-blockade alone. Therefore, it is likely that the more realistic approach would be made up of the combined use of CTLA-4 blocking antibodies with TACE and RFA or with anti-PD-1 antibodies.

As DCs are specialized for antigen presentation and their immunogenicity leads to the induction of antigen-specific immune responses, various immunotherapeutic approaches have been designed for using DCs to present tumor-associated antigens to T lymphocytes. As part of a strategy proposed ex vivo generated DCs might be loaded with antigens and reinfused to the patients and/or they can be used for the ex vivo expansion of antitumor lymphocytes. The DCs loaded ex vivo with RNA can be safely administered which proves to be an asset for producing antigen-specific immune responses. DCs could be used as potential cellular adjuvant for the production of specific tumor vaccines. Autologous DC vaccination in advanced HCC patients is safe and well tolerated but, for the complex pathogenesis of HCC, does not seem to be able by itself to restore an effective anti-tumor response.

In the near future we need to consider some important aspects: the therapeutic strategy will be most likely to succeed if the development will be guided by biology-driven biomarkers of response to longer available agents; the therapy with immune checkpoint blockers is most likely to succeed in combination with other surgical, cytotoxic, or immune targeted therapies; integration of immune checkpoint blockers in combination with other agents will have to address the safety concerns specific to this population of patients, such as hepatotoxicity. Expand knowledge on these issues could contribute to the success of new immunotherapies.

Molecular alterations may differ depending on the underlying risk factors and etiologies, potentially influencing patient responses to therapy. Thus, it will be necessary to classify HCCs into subgroups according to their genomic and proteomic profiling. The identification of the key molecules/receptors/signaling pathways and the assessment of their relevance as potential targets will be the main future challenge.

In this context the study of small molecules interfering RNA such as siRNA and their relations with membrane glycoproteins such as integrins is very intriguing.

Integrins play an important role during development, regulating cell differentiation, proliferation, and survival. It was demonstrated that knockdown of integrin subunits slows the progression of hepatocellular carcinoma. Delivery using nanoparticles of short interfering RNA directed *β*1 and *α*v integrin subunits downregulated all integrin receptors on hepatocytes. Short term integrin knockdown causes no apparent structural or functional disruption of normal liver tissue. Alteration of the morphology of the liver accumulates on sustained integrin downregulation. The integrin knockdown leads to significant delays in HCC progression, reducing the proliferation and increased tumor cell death. This delay tumor is accompanied by reduced MET oncogene activation and expression of its mature form on the cell surface. These data suggest that the proliferating cells transformed by HCC are more sensitive to integrin knockdown of normal quiescent hepatocytes, highlighting the potential of siRNA-mediated inhibition of integrins as an anticancer therapeutic approach.

siRNA, also known as short interfering RNA or silencing RNA, is a class of double-stranded RNA molecules, 20--25 base pairs in length. siRNA plays many roles but is most notable in the path RNA interference (RNAi), which interferes with the expression of specific genes with complementary nucleotide sequences. siRNA functions by causing mRNA to be broken down after transcription, resulting in no translation. siRNA also acts in complexity pathways. The RNAi related to these pathways is only now being elucidated.

It is important to note that normal hepatocytes can, at least in part, adapt to the decrease in the level of integrin signaling, in contrast to the tumor cells and isolated cells in vitro and proliferating hepatocytes in regenerating liver. Inhibition of integrin receptors, including Itgav subunit, is often referred to as cancer therapy effective by acting directly on tumor cells and as antiangiogenic factor. These results, together with others, indicate a high therapeutic potential of anti-Itgb1siRNA. In light of the results that inhibition of signaling Itgb1 can increase the sensitivity of the tumor to radiation and chemotherapy, Itgb1 specific siRNA can be proposed as part of a combination therapy \[[@B118]\].

In addition the macrophage migration inhibitory factor (MIF), a proinflammatory and immunoregulatory chemokine, plays important roles in cancer-related biological processes. However, few studies have focused on the clinical relevance of MIF and cyclin D1 expression in hepatocellular carcinoma cells (HCCs).

siRNA-mediated knockdown of MIF suppressed cyclin D1 expression and hepatocellular carcinoma cell proliferation. MIF siRNA reduces proliferation and increases apoptosis in HCC cells. MIF knockdown inhibits the expression of growth-related proteins and induces the expression of apoptosis-related proteins, supporting a role for MIF as a novel therapeutic target for HCC \[[@B119]\].

Therefore, in the future, new therapeutic options will be represented by a blend of immunotherapy-like vaccines and T-cell modulators, supplemented by molecularly targeted inhibitors of tumor signaling pathways \[[@B120]--[@B124]\].
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![Mechanisms responsible for inefficient T-cell responses in HCC. Failure of TAA processing and presentation; suppression of CD4+ and CD8+ cells by Treg; insufficient levels of CD4 help; negative regulation by PD-1/PDL1 pathway.](BMRI2015-731469.001){#fig1}

###### 

Immune blocking antibodies treatments and status of clinical trials.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Antibody        Target   Trial ID                                                           Company                           Cl. phase   Patients number   Treatment          Primary endpoint                  Status       Results
  --------------- -------- ------------------------------------------------------------------ --------------------------------- ----------- ----------------- ------------------ --------------------------------- ------------ ---------------------------------------------
  Tremelimumab    CLTA-4   [NCT01008358](https://clinicaltrials.gov/ct2/show/NCT01008358) \   Medimmune, USA, Pfizer, USA       II          21                Monotherapy        Antitumor and antiviral effect    Completed    Disease control\
                           Interventional\                                                                                                                                                                                      rate of 76.4%\
                           Nonrandomized                                                                                                                                                                                        Median OS 8.2 month \[95% CI: 4.64, 21.34\]

                                                                                                                                                                                                                                

  Tremelimumab    CLTA-4   [NCT01853618](https://clinicaltrials.gov/ct2/show/NCT01853618) \   Medimmune, USA, Pfizer, USA       I           Recruiting        In combination\    Safety                            Ongoing      Completion date: December 2015
                           Interventional\                                                                                                                    with RFA or TACE                                                  
                           Nonrandomized                                                                                                                                                                                        

                                                                                                                                                                                                                                

  Ipilimumab      CTLA-4   N/A                                                                Bristol-Myers Squibb, USA         N/A         N/A               N/A                N/A                               N/A          N/A

                                                                                                                                                                                                                                

  Nivolumab       PD-1     [NCT01658878](https://clinicaltrials.gov/ct2/show/NCT01658878) \   Bristol-Myers Squibb, USA         I           Recruiting\       Monotherapy        Safety/antitumor efficacy study   Ongoing      Completion date:\
                           Interventional\                                                                                                  (target: 72)                                                                        May 2016
                           Nonrandomized                                                                                                                                                                                        

                                                                                                                                                                                                                                

  CT-011          PD-1     [NCT00966251](https://clinicaltrials.gov/ct2/show/NCT00966251) \   CureTech, Israel                  I/II        2                 Monotherapy        Safety                            Terminated   Stopped due to\
                           Interventional\                                                                                                                                                                                      slow accrual
                           Nonrandomized                                                                                                                                                                                        

                                                                                                                                                                                                                                

  Lambrolizumab   PD-1     N/A                                                                MK-3475, Merck, USA               N/A         N/A               N/A                N/A                               N/A          N/A

                                                                                                                                                                                                                                

  AMP-224         PD-1     N/A                                                                Amplimmune, USA                   N/A         N/A               N/A                N/A                               N/A          N/A

                                                                                                                                                                                                                                

  MEDI4376        PD-L1                                                                       MedImmune, USA, AstraZeneca, UK   I           Recruiting        Monotherapy        Safety/antitumor efficacy         Ongoing      N/A
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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